ABSTRACT. DNA identity is highly effective and efficient for distinguishing crop varieties regardless of their phenotypic similarities. To establish DNA identity in ramie, 21 simple sequence repeat primers were amplified in 108 accessions of domestic and exotic ramie germplasms. Sixty polymorphic bands were obtained, with an average of 2.9 bands per locus and 2-8 band types per primer locus (average of 5.19 band types). The Simpson's diversity index of the 21 simple sequence repeat loci ranged from 0.158 to 0.808 with an average of 0.612. There was large difference in the specific index in the germplasm tested, from 44.082 to 218.163, with an average of 83.620. Based on allele band type, 8 primer pairs were selected for DNA fingerprinting of the 108 genotypes. The combination of the 8 primer pairs were found to be very effective for distinguishing these genotypes, indicating that they can be used in the molecular DNA identity of ramie.
INTRODUCTION
Ramie (Boehmeria nivea L.), also called Chinese grass, is principally used for fabric production and is one of the oldest fiber crops cultivated in China; this crop has been cultivated for more than 6000 years. It is a popular perennial plant and native to eastern Asia (Xiong, 2008) . The bark of the vegetative stalks is the source of bast fiber. A series of ramie industry products have become popular in domestic markets, including shirts, underwear, and socks (Liu, 2002) . In previous studies of ramie, various applications of ramie were established, with the exception of the fiber industry. Ramie is also cultivated as fodder crop in the southern regions of China because of its excellent nutritional value, containing 22% crude protein, 18% crude fiber, 1% Lys, 4% Ca
2+
, and other nutrient elements needed by livestock regardless of the fresh leaf or its processing into dry power or silage (Yu et al., 2007; Xiong et al., 2010) . Recently, ramie has become an optimal crop for conserving soil and water in the Yangtze River valley because of its abundant roots and luxuriant foliage (Tu and Chen, 2007) .
In the ramie germplasm collection process, it is necessary to conduct cultivar identification for breeding selection and germplasm reservation. Traditionally, ramie germplasms are identified based on morphology, but this is laborious. Morphological traits must be obtained through multi-years and multi-sites, which is time consuming and costly. Additionally, the differences between morphological traits among germplasms are sometimes difficult to identify.
Molecular markers have been widely used to characterize ramie germplasms. For instance, random amplified polymorphic DNA (RAPD) (Jie et al., 1999; Guo et al., 2001; Meng et al., 2010) , simple sequence repeats (SSR) (Zhou et al., 2004; Zou et al., 2012; Guo et al., 2013) , inter-simple sequence repeat (ISSR) (Liu et al., 2006; Hou et al., 2006; Ding et al., 2008) , sequence-related amplified polymorphism (SRAP) (Liu et al., 2008; Wen et al., 2011; Zou et al., 2012) , restriction site amplification polymorphism (Zou et al., 2012) , and random amplified microsatellite polymorphism (Zhou et al., 2004) were developed and shown to be rapid, accurate, and economical in ramie germplasm research. Moreover, several reports have illustrated the advantage of using molecular ID in crop species. Zheng et al. (2010) established 51 kenaf germplasms using of ISSR and RAPD markers. Liu et al. (2013) established 127 kenaf germplasms using SRAP markers. first distinguished 42 germplasms of ramie using 7 ISSR markers, and developed the first molecular ID of ramie. However, this plant shows poor stability and it is complex to record molecular ID because of the 16-digit code in the ID constructed using ISSR markers. Comparing with ISSR and other molecular markers, SSRs are highly polymorphic, informative, codominant, technically simple, and reproducible, and have become commonly used for constructing the molecular ID in the crop species (Fang et al., 2001) . Some species have been evaluated by molecular ID using SSR markers. Gao et al. (2009) established 83 soybean germplasm molecular IDs using 9 SSR markers. Yang et al. (2010) established 36 tea germplasm molecular IDs using 17 SSR markers. Chen et al. (2011) established 202 peach germplasm molecular IDs using 8 SSR markers. Wang et al. (2011) established 142 sweet sorghum variety molecular IDs using 11 SSR markers. Zhang et al. (2014) established 20 pear variety molecular IDs using 2 SSR markers. However, there have been no reports related to molecular ID using SSR markers in ramie.
Therefore, the objective of this study was to construct molecular IDs of the 108 ramie germplasms using SSR markers.
MATERIAL AND METHODS

Materials and DNA isolation
A total of 108 ramie accessions (Table 1 ) growing in a national ramie germplasm nursery affiliated with the Institute of Bast Fiber Crops, CAAS, China, were used in this study. DNA was isolated from young leaves collected from each ramie accession using the DNeasy plant mini prep kit (Qiagen, Hilden, Germany). 
SSR primers
Twenty-one SSR primer combinations (Table 2) were synthesized according to Chen et al. (2011) .
Locus
Primer sequences (5'-3') Primer sequences (5'-3') 
SSR analysis
SSR-polymerase chain reactions (PCRs) were carried out in 10-mL reaction volumes with 1X PCR buffer, 0.2 mM dNTPs, 1 U Taq DNA polymerase (Tiangen, Beijing, China), 0.5 mL forward primer (10 nM, Tiangen), 0.5 mL reverse primer (10 nm, Tiangen), and 0.5 mL DNA of each accession under the following PCR conditions: 5 min at 94°C, followed by 30 cycles for 30 s at 95°C, 30 s at the primer-specific annealing temperature, 30 s at 72°C, and final extension for 10 min at 72°C.
PCR products were separated on 8% polyacrylamide gels, and silver staining was conducted according to the method described by Zhang et al. (2000) . Molecular weights were estimated using a DNA marker (DNA Marker 2000, BioTeke Co., Beijing, China). SSR analysis was repeated at least twice. Clear bands from PCR products were recorded types 1-8. Faint bands were recorded as 0.
Diversity index (DI) of SSR primers and CHEN specialty index (CHEN-SI) of germplasms
The diversity index of SSR primers and CHEN specialty index (CHEN-SI) of germplasms were calculated using Genetics Statistics 3.0 (2007SR11872) developed by North-East Agriculture University, China.
Simpson's DI (Simpson):
In the formula, Pi was the proportion of band types of a locus.
Simpson's unbiased DI (unbiased Simpson):
In the formula, ni was the number of band types in a locus; N was the total number of all band types counted in a locus.
Shannon-Weiner's DI (Shannon-Weiner):
In the formula, Pi was the proportion of band types in a locus. Brillouin's DI (Brillouin):
In the formula, n1!n2!n3!...ns! was the factorial product of each band type in a locus. CHEN specialty index (CHEN-SI):
In the formula, Nij was the total distributive number of band type in the m individual of the i th individual in the j locus; Mj is the total number of band type of the j locus, its number is m in the data of dominant molecular marker.
The Chi-square analysis was used to analyze the data. P ≤ 0.01 indicated extreme significance; P ≤ 0.05 indicated significance; and P > 0.05 indicated no significance.
ID construction
The molecular ID of ramie germplasms was constructed using ID Analysis 3.0 (Northeast Agriculture University, China).
RESULTS
Band type developed by SSR primers
The number of alleles per locus ranged from 2 to 3 among the 21 primer pairs. Fourteen primers amplified 2 alleles, while 7 primers amplified 3 alleles.
The number of band types developed by SSR primers was 2-9. Of the 21 primers, b50 amplified the largest number of band types (9 band types), while b64 and c17 amplified the smallest number of band types (2 band types).
DI of SSR primers
The DI of SSR primers is listed in 
Special band type
Two primers amplified special band types. The 5th special band type developed by primer b50 could distinguish Lipingqinma among 108 ramie germplasms. The 1st and 5th special band types developed by primer b65 could distinguish Ganzaerhao and Shanqingbaima, respectively.
CHEN-SI of germplasm
The CHEN-SI values of 108 germplasms are listed in Table 4 . There were significant differences (P < 0.01) among the CHEN-SI of the 108 ramie germplasms, ranging from 44.082 to 218.163. There were 2 germplasms with CHEN-SI values greater than 200, including the 88th with 218.163 and the 16th with 201.988. There were 4 germplasms showing CHEN-SI values less than 50, including the 68th with 49.825, the 69th with 48.216, the 70th with 45.86, and the 74th with 44.082. The high CHEN-SI indicates that ramie germplasms have a large number of special band types, and thus the results may be useful for identifying and preserving germplasm resources of ramie.
Germplasm ID construction
The PCR amplification banding pattern of 108 ramie germplasms was recorded, which was amplified by 21 SSR primer combinations, as well as being expressed 1, 2…n, respectively. Next, the molecular identity card of ramie was constructed according to the following steps. First, we deleted SSR primers when the proportion of blurred amplification belt was above 4%. Six SSR primer combinations were deleted, including b35, c03, b28, b16, c18, and b56. The second step was to delete SSR primers when the similarity coefficient was greater than 0.8 with others. Two SSR primers were deleted, including c07 and b24. Finally, we constructed a molecular identity card based on the specificity index of SSR primers. The germ-plasm resources of ramie were distinguished using the specific allele of more than 2 marker combinations. The distinction would be made by increasing the number of markers until they were not distinguished entirely using 2 markers, i.e. the k-th marker combinations amplified n banding patterns corresponding to the k-th bits of molecular identity. In current study, the 108 germplasm resources of ramie were distinguished using 8 SSR primer combinations (k = 8), including c10, b53, b65, b40, b50, b11, b27, and c17; the 8-bit molecular identity card (ID) was constructed (Table 4 ). For instance, the molecular ID of ramie known as Wayaozhuma was 43311132. The 1st 4 indicated that the b20 primer (ki) amplified its 4th banding pattern (nj), and the 3rd 3 indicated that the b65 primer amplified its 3rd banding pattern.
DISCUSSION
The banana fingerprints developed by Wang et al. (2009) can be considered molecular identification, and the authors combined letters with numbers to determine the digits of molecular identification and different alleles amplified by SSR primers. For example, the 11th allele amplified by the first marked primers was referred to as A11, resulting in a large number of string code digits in the molecular identification. Wang et al. (2010) previously constructed ramie molecular identification using 0 or 1 notation including the 16-digit code using ISSR markers. In the present study, the amplification results of the Nth marker's primers directly corresponded to the Nth bit in molecular identification, omitting the expression of a tag name. Additionally, the molecular identification only had 1 digit in each position because the amplified band pattern of each labeled primers did not exceed 9. Compared to the previous ramie molecular identification studies, this method is very simple to record.
With the continuous development of DNA molecular markers and improvement of detection technology, identifying crop variety resources traditionally based on morphological characteristics has become focused on the DNA level. Recently, molecular identity cards have been used for variety characteristic digitization. In this study, we concluded that a string code could be applied to express the molecular identification of crop variety resources and to determine the differences among varieties.
Although appraisal using molecular markers has advantages that morphological appraisal does not, there were some limitations to our study. Choosing concrete molecular markers may influence the analysis because of their respective shortcomings. Our previous study established 42 molecular IDs of ramie using ISSR molecular markers. However, ISSR technology is prone to error and deviations because of the large number of amplified bands and the difficulties in duplication. SSR molecular markers frequently result in high duplication. However, this method is easy and does not require a DNA digestion step. These characteristics make it possible to establish molecular IDs. SSR markers are stable over different generations, according to SSR analysis of parents and their descendants in the study of barley genealogy. The SSR stability of different individuals of the same species has been verified in rice (Akagi et al., 1997) . Therefore, SSR marker-based molecular ID is more accurate and reliable compared with ISSR markers.
Although we identified 108 ramie germplasms using 8 pairs of SSR primers in this study, the character differences for each germplasm could not be directly determined because the corresponding relationship between various allele and their corresponding agronomic characters were not identified. Although traditional morphological identification requires a longer period and is greatly affected by environmental factors, it is simple, visible, and easy to operate, which is in contrast to molecular markers. Therefore, this method is applicable for identifying ramie germplasm resources, combining traditional morphological identification with molecular marker identification to establish a system for germplasms ID.
Understanding the genetic background of germplasms is vital for breeding. The samples tested in this study were collected from different origins, indicating the wide applicability for breeding. Thus, the molecular identification (ID) of each species can represent specificity. The results showed that molecular ID is a powerful approach for distinguishing germplasm resources regardless of their origin, genetic pedigree, or morphological similarity. For example, the xiangzhu1 and qianzhu1 ramie varieties have similar genetic backgrounds because they have the same same parent, huangkezao, with the molecular IDs 14246213 and 40256033, respectively. Therefore, molecular ID may provide a reference for germplasm identification and variety selection.
For additional ramie germplasms, a larger number of special bands from special germplasms developed using suitable primers can be used to construct the molecular ID in ramie. However, it is possible for ramie germplasms of different varieties to have the same molecular ID because of the limited number of SSR primers available. Thus, it is necessary to expand the number of SSR primers.
